Introduction
There are several minor sulphide mineralizations with galena as the predominant ore mineral in the Finnish rapakivi areas and their immediate vicinity (O. Vaasjoki 1956 , M. Vaasjoki 1977 . Galena occurs within the rapakivi areas either associated with postmagmatic greisens or as younger veins (M. Vaasjoki 1977, p. 42) .
The galena mineralizations in the Åland rapakivi area differ from those in the other rapakivi areas in that the veins in part occur together with clastic dykes of Cambrian sandstone.
The occurrences associated with sandstone dykes on Silverskär, Långholm, Ådö, and Loören ( Fig. 1 ) are discussed in detail in this paper. The galena mineralizations in connection with greisen, as in Grelsby (Fig. 1) where the galena is disseminated in a sericite greisen, are not described further.
The mineralizations at Grelsby and Silverskär have been known since the 17th century (Radloff 1795 , Pehrman 1948 . The galena veins on Loören have long been familiar to the local people and are mentioned by M. Vaasjoki (1977) and Ehlers and Ehlers (1979) . The occurrences on Långholm and Ådö were found during recent investigations in the rapakivi area. From Långbergsödaöjen (Fig. 1 ) and its vicinity veins of galena are mentioned by Frosterus and Sederholm (1890) and Mattsson (1960) . East of the rapakivi area veins of galena have been found on Södö, Sottunga (Frosterus 1894) and on the southwestern shore of Kökar (Carl Ehlers 1978, Åbo, personal comm.) . The galena occurrences of Grelsby, Silverskär and Södö have been briefly described by M. Vaasjoki (1977, App. 2) . Veins of galena, mostly associated with calcite (Åhman 1974), occur along the Swedish coast of the Åland Sea and in the Stockholm region.
Outlines of the geology

The Åland rapakivi area
The rapakivi area consists of several texturally and mineralogically different granite varieties, from normal rapakivi with feldspar ovoids, to fine-grained aplitic and quartz porphyritic granites. Ages determined from the rapakivi area indicate two different phases of intrusion: 1670 Ma for the main rapakivi intrusions and 1620 Ma for the younger ones (M. Vaasjoki 1977, p. 26) .
Postmagmatic greisen bodies occur principally in connection with the younger granites, but they have been found sporadically in the whole rapakivi area. The greisens are poorly mineralized, and ore minerals are scarcely visible to the unaided eye. The lead content, although randomly distributed in the greisens, is higher in the northern and eastern part of the rapakivi area.
Phanerozoic rocks
During our remapping of the rapakivi area in Åland in 1972-77 we added some 250 new sandstone dykes to those known there since the 19th century (Frosterus and Sederholm 1890) . Several sandstone dykes, one of the fossiliferous, have been described by Tanner (1911) from the northeastern shore of the Långbergsödaöjen peninsula. Pyrite occurs as concretions in one of them and as cement in another. The cementing pyrite forms a replacement border 4 to 6 mm wide on both sides of the sandstone dyke. According to Martinsson (1968, p. 144) , also galena occurs frequently in some sandstones from this locality.
The age of the sandstone dykes was determined as Lower Cambrian on the basis of the brachiopod Acrotreta tanneri found in the fossiliferous sandstone dyke from Lång-bergsödaöjen (Tanner 1911 , Metzger 1922 The clastic dykes show that Aland was covered by sediments during the Cambrian and that the denudation before the Cambrian had reached approximately the present level of erosion (Tanner 1911) . Sedimentation probably continued into the Ordovician, because limestone of Ordovician age has been found (Asklund and Kulling 1926, Sederholm 1934) in the northern part of Lumparn Bay (Fig. 1) . Drilling shows that the limestone is 34 m thick and is underlain by clay (upper grey and lower reddish) to a depth of at least 57.5 m (Sauramo 1943 , Martinsson 1956 . The difficulty of drilling, however, prevented complete penetration of the clay. According to Metzger (1960 Metzger ( , p. 13, 1965 , the formation was traced by 24 later drill holes for about 2 km to the south, where it is underlain by sandstone. The sandstone has undergone much weaker diagenesis than the clastic dykes. Lumparn Bay is probably a graben that formed after the Ordovician (Hausen 1964, p. 52) . Martinsson (1956, p. 100) has proposed an erratic origin for this limestone.
Erratic boulders of pyrite-cemented sandstone have been found on Aland and in southwestern Finland (Marmo and Laitakari 1952, Lonka and Papunen 1969) . The source of the boulders is probably a Cambrian sandstone bed under the Bothnian Sea. The sandstone is covered by Ordovician limestone, with forms the floor of the western part of the Bothnian Sea (Winterhalter 1972).
Description of localities
Loören
Eight galena veins and a swarm of sandstone dykes have been encountered on Loören (Fig. 2) . The galena veins are 0.2 to 1 cm wide, a few metres long and strike roughly N-S. Six of them consist of either pure galena (Nos. 2, 3 and 8) or have a gangue of very fine-grained silica (Nos. 1, 4 and 7). In veins Nos. 1 and 4 the galena has been split in two by fine-grained silica with abundant fragments of galena. The fragments have been torn away from the galena vein, which suggests small-scale movements at the time of crystallization of the silica. The surrounding rapakivi reveals microscopic cataclastic zones with undulatory quartz and minute fissures filled with silica and some galena. Vein No. 2, which is maximum 1 cm wide, can be traced from sea level, where it strikes about 30°, for a few metres until it crosses a narrow fracture zone striking 110°. At this point the vein is 5 cm wide and follows the fracture zone to the east for half a metre before it resumes its former course and width.
Two of the galena veins (Nos. 5 and 6) are associated with sandstone dykes. No. 6 was studied in more detail. At sea level it is a pure sandstone dyke, but some metres from the shore it grades into a sandstone dyke mineralized with pyrite, galena, marcasite, sphalerite and accessory chalcopyrite. The width of the sandstone dyke is 5 to 7 cm. In the sandstone the cement, which is usually silica, has been replaced by sulphides, which have also partly corroded the sand grains. The quartz grains of the sandstone are sub- rounded, whereas the feldspar and rapakivi fragments are angular.
Silverskär
Silverskär has an old galena quarry dating from 1610. Located on the northern shore (Finnish map coordinates: x = 6694.84, y = 452.92), the quarry is about 30 m long, a maximum of 3 m wide and strikes 130 . Presumably only one galena vein was mined because at the southern end of the quarry there is a galena vein a few mm wide striking 160° and at the northern end, on the shore, a vein 1 to 2 cm wide with a few offshoots 2 to 3 mm wide. Fig. 3 shows a detail of a drill core sample from the northern end. The galena vein is about 1 cm wide with remains of a sandstone dyke in the middle. A narrow remnant of the same sandstone dyke occurs along one of the contacts with rapakivi. Conceivably the sandstone has been fissured and galena has crystalized in the fissure. The galena has also crystallized between the sand grains, partly corroding them. Accessory sulphides are pyrite, marcasite and sphalerite. The sandstone is slightly recrystallized, but it still maintains a distinct clastic texture.
Långholm
On the northern shore of Långholm, about 1 km northwest of Silverskär, there is one dyke consisting of pure galena (x = 6695.53, y = 451.71) and ten sandstone dykes striking 10°-20°, one of which (x = 6695.24, y = 451.92) contains galena. The sandstone dyke associated with galena is up to 5 cm wide. Galena occurs at the margins of the sandstone dyke only south of the point where a minor fracture zone crosses it. Southwards the dyke bifurcates and the galena occurs mostly at the outer contact of the dyke. 
Adö
A swarm of sandstone dykes 1 to 5 cm wide and calcite dykes 1 cm wide associated with galena and fluorite are encountered on the southern shore of the eastern point of Ådö (x = 6688.33, y = 469.58). The dykes strike roughly 20 . The calcite dykes display idiomorphic crystals of galena in several places. One of the dykes clearly shows the age relation between sandstone and galena (Fig. 5) . The sketch shows a section of the sandstone dyke, which has been fractured and partly displaced. Galena and fluorite have crystallized in the fracture. Galena and accessory pyrite also occur as narrow fracture filling or as small grains in the matrix of the sandstone. The sandstone is slightly recrystallized along the fluorite-galena contact but clastic texture can still be discerned. The recrystallization zone is 2 to 3 mm wide. The cementing material of the sandstone is ironpigmented silica except in one dyke where it is fluorite. In some localities in the Wiborg rapakivi area fluorite is also associated with galena (O. Vaasjoki 1956, p. 50) .
The age and origin of the galena
Field obaservations indicate that there are two different types of galena mineralization in Åland:
1. Galena genetically associated with greisen; 2. Veins of galena associated with sandstone dykes.
The greisen bodies are considered to be associated in space and time with the youngest intrusion phases of the rapakivi granite complex, i.e. they are genetically linked to the rapakivi granites. Datings of rapakivi granites from Åland give ages of 1670-1620 Ma (M. Vaasjoki 1977, p. 26) , which should also be the approximate maximum age of the galena occurrences associated with greisen.
As mentioned earlier, the sandstone dykes in Åland are probably Late Cambrian, i.e. they are about 500 Ma old. As shown by Fig.  5 , the galena cuts across already lithified sandstone dykes, which means that it is Cambrian or younger. Hence, the difference in age between the two different types of galena occurrences is at least 1100 Ma.
M. Vaasjoki (1977) has made lead isotopic studies of the galena from Grelsby, Silverskär, Loören and Södö. The isotope compositions show that the galena from Grelsby differs from the others. It is the least radiogenic, and its age is 1362 Ma (M. Vaasjoki 1977, Table 11, p. 50) . According to Vaasjoki (1977, p. 51) , its young age suggests contamination of the lead. The galenas from the other localities are anomalous as far as their modal ages are concerned. These ages are, however, relatively heterogenous and three age determinations from Loören show that they cannot be plotted on a straight line, not even within a single occurrence (M. Vaasjoki 1977, p. 51) .
M. Vaasjoki (1977) suggests that the galena veins are of rapakivi age and derived from 1,1,! 1 1 i 1 1 I 1 ' 1 " 1 1 1 ' 1 1 1 I " 1 -1 -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Galena mineralizations that partly resemble the occurrences in Åland are found in many places along the eastern margin of the Caledonides: some are of the disseminated type in Cambrian sandstone, others are galena veins within the Caledonides and in Precambrian rocks east of the mountain range (Grip 1967) . The mineral composition is: galena, sphalerite, pyrite, baryte, fluorite and calcite, which would suggest a low temperature of formation. The galena generally contains a surplus of radiogenic lead (Grip 1967, p. 214-126) . Grip (1967) considers the galena mineralizations to be epigenetic and the ore-forming solutions to have originated from palingenetic processes in the central part of the mountain range. These solutions may have leached out radiogenic lead from overlying Cambrian shales and thus caused a surplus of radiogenic lead.
It is, however, less probable that processes at work within the Caledonian mountain range could have produced ore-forming solutions as far from the source as in the Åland area. If this mode of origin is to be assumed for the galena veins in Åland, the source must be much closer. Such magmatic sources are not known and, should they have ever existed, they would be relatively deepseated. The northern part of the Åland rapakivi area is cut from northwest to southeast by distinct tectonic fracture zones (Hausen 1948 and 1964) that are fairly close to the galena occurrences. Had there been Phanerozoic magmatic-hydrothermal activity these zones might have acted as feeding channels for ore-forming solutions.
One explanation for the forming of the galena veins may be the theory that the ore-forming fluid was pressed out of the Phanerozoic sediments (Fig 6) . During the Cambrian, sand was mainly deposited and the sedimentation probably continued into the Ordovician. The diagenetic processes started in the lower parts of the sediments, causing lithification of the sand and migration of the water with its dissolved metals.
At the same time, existing and new fissures opened and were filled with wet sand from unconsolidated layers above. Later leadbearing solutions infiltrated the clastic dykes, and galena was precipitated. Noble (1963) 
